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RESUMO 
Este estudo avaliou o efeito do tratamento ortodôntico nas propriedades 
salivares considerando o desenvolvimento da cárie dentária. Vinte e dois pacientes 
(11 a 22 anos) foram avaliados com relação a cárie, higiene oral, exposição ao açúcar, 
fluxo salivar, capacidade tampão, pH, anidrase carbônica VI (AC VI), e atividade da 
amylase, no baseline, 1, 3 e 6 meses após a adaptação dos dispositivos ortodônticos. 
O Índice de cárie foi determinado pelo critério de Nyvad. As atividades da AC VI e da 
amilase foram realizadas por zimografia e ELISA, respectivamente. A capacidade 
tampão diminuiu após 3 meses (p<0,0001) e mostrou correlação positiva com o pH no 
baseline e após 1 mês nos pacientes que não desenvolveram lesões de cárie ativa. A 
atividade da amilase diminuiu após 1 e 6 meses (p=0,0003) e apresentou correlação 
positiva com a AC VI nos pacientes que desenvolveram lesões de cárie ativa. O fluxo 
salivar aumentou após 1 mês (p=0,0283) e mostrou correlação positiva com a 
atividade da AC VI após 3 meses nos pacientes que não desenvolveram lesões de 
cárie ativa. O pH salivar mostrou correlação negativa com a AC VI após 1 mês nos 
pacientes que não desenvolveram lesões de cárie ativa. Após 6 meses, 59,09% dos 
participantes desenvolveram cárie (p<0,0001). A saliva de indivíduos em tratamento 
ortodôntico está sujeita a importantes mudanças que têm implicações no processo de 
formação da lesão de cárie ativa. O estabelecimento de medidas preventivas eficazes, 
mesmo antes da colocação do aparelho ortodôntico é fortemente sugerido. 
Palavras-chave: Anidrases Carbônicas. alfa-Amilases. Aparelhos Ortodônticos. 
Saliva. Cárie Dentária. 
 
 
  
 
 
ABSTRACT 
This study evaluated the effect of orthodontic treatment on salivary properties 
considering caries development. Twenty two patients (11-22 years) were assessed 
regarding caries, oral hygiene, sugar exposure, salivary flow rate (SFR), buffering 
capacity, pH, carbonic anhydrase VI (CA VI) and amylase activity, at baseline, 1, 3 and 
6 months after the orthodontic placement. Caries index was determined by Nyvad 
criteria. CA VI and amylase activities were performed by zymography and ELISA, 
respectively. Buffering capacity decreased after 3 months (p<0.0001) and showed 
positive correlation with pH at baseline and after 1 month in patients who did not 
develop active caries lesions (ACL). Amylase activity decreased after 1 and 6 months 
(p=0.0003) and presented positive correlation with CA VI in patients who developed 
ACL. SFR increased after 1 month (p=0.0283) and showed positive correlation with 
CA VI activity after 3 months in patients who did not develop ACL. Salivary pH showed 
negative correlation with CA VI after 1 month in patients who did not develop ACL. 
After 6 months, 59.09% of participants developed caries (p<0.0001). Saliva of 
individuals under orthodontic treatment is subjected to important changes in the onset 
of ACL. The establishment of effective caries preventive measures, even before the 
orthodontic appliances placement is strongly suggested.  
Key Words: Carbonic Anhydrases. alpha-Amylases. Orthodontic Appliances. Saliva. 
Dental Caries. 
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1 INTRODUÇÃO 
Indivíduos que fazem uso de aparelho ortodôntico fixo apresentam alto 
risco de desenvolvimento de lesões de cárie (Derks et al., 2004; Karadas et al., 2011; 
Heymann e Grauer, 2013). A severidade destas lesões pode variar de lesões de 
mancha branca ativa ou desmineralização até a perda da integridade da superfície do 
esmalte e cavitação (Richter et al., 2011). A prevalência de lesões de mancha branca, 
previamente ao tratamento ortodôntico fixo, varia de 15,5 a 40% (Lovrov et al., 2007; 
Heymann e Grauer, 2013) ao passo que durante o tratamento ortodôntico estas lesões 
se desenvolvem em 30 a 70% dos pacientes (Enaia et al., 2011; Tufecki et al., 2011; 
Heymann e Grauer, 2013). 
A lesão de cárie, conceituada como uma doença biofilme-açúcar-
dependente (Novais et al., 2004; Sheiham e James, 2015), é a doença bucal mais 
comum nos seres humanos (Martins et al., 2013). O biofilme formado na presença da 
sacarose apresenta uma matriz rica em polissacarídeos extracelulares (Leites et al., 
2006; Paes-Leme et al., 2008) que, além de serem importantes para a adesão 
bacteriana, contribuem para as propriedades de difusão da matriz da placa, 
aumentando a concentração de ácido na interface dente-biofilme (Leites et al., 2006). 
Dessa forma, na presença de carboidratos fermentáveis, este biofilme torna-se 
altamente cariogênico (Johansson e Birkhed, 2001). Portanto, o controle da dieta, o 
controle mecânico efetivo do biofilme e a fluorterapia devem ser utilizados para 
prevenir a desmineralização do esmalte dentário ao redor dos dispositivos 
ortodônticos (Teixeira et al., 2012; Zanarini et al., 2012; Benson et al., 2013). 
Além do biofilme, a capacidade tamponante da saliva desempenha papel 
importante na manutenção da homeostase dos tecidos bucais, sendo o sistema 
bicarbonato responsável por 85% da capacidade de tamponamento da saliva (Teixeira 
et al., 2012). Dentre suas múltiplas funções, destacam-se o clearance promovido pelo 
fluxo salivar e a manutenção do pH em níveis aceitáveis, devido principalmente aos 
tampões carbonato e fosfato (Bardow et al., 2000) que servem como fator protetor 
tanto para a cárie (Bagherian e Asadikaram, 2012), quanto para a erosão dentárias 
(Hara et al., 2006).  
Dentre os sistemas protetores da saliva, a isoenzima anidrase carbônica VI 
(AC VI) é a única isoenzima da saliva secretada pelas células acinares serosas das 
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glândulas parótidas e submandibulares. Esta isoenzima catalisa a reação reversível 
do dióxido de carbono na reação CO2 + H2O ↔ H+ + HCO-3. Pela catálise desta reação, 
acredita-se que a AC VI aumenta a capacidade tampão da saliva por penetrar no 
biofilme e facilitar a neutralização ácida pelo bicarbonato salivar, que constitui o 
sistema tampão mais importante do meio bucal (Kimoto et al., 2006). Além disso, já 
foi demonstrado que a AC VI localiza-se na superfície do esmalte e atua como um 
regulador de pH local, catalisando a reação de conversão do bicarbonato salivar e dos 
íons de hidrogênio produzidos pelos microrganismos em dióxido de carbono e água  
(Leinonen et al., 1999). Por esta razão, a AC VI presente no biofilme deveria contribuir 
para a neutralização do ácido do biofilme, especialmente quando a saliva é 
estimulada, pois nestes casos o tamponamento é realizado principalmente pelo 
bicarbonato, um efeito que poderia favorecer a prevenção da cárie dentária (Kimoto 
et al., 2006). No que se refere à associação entre a AC VI e a cárie dentária, os 
achados da literatura evidenciam resultados conflitantes. Assim, enquanto o estudo 
realizado por Ozturk et al. (2008) não observou diferença significativa na concentração 
de AC VI na saliva/biofilme de adultos com cárie e livres de cárie, a investigação 
realizada por Kivela et al. (1999) demonstrou que uma baixa concentração de AC VI 
estava associada com um índice de cárie mais alto. Da mesma forma, Szabó em 1974 
observou uma concentração mais alta de AC VI em crianças livres de cárie do que 
naquelas com cárie.  
Neste contexto, sabe-se que dispositivos ortodônticos fixos criam áreas de 
estagnação do biofilme e dificultam a higiene bucal (Benson et al., 2013). Assim, torna-
se relevante investigar como essa isoenzima se comportaria nestes indivíduos que 
não apenas apresentam maior acúmulo de biofilme, mas principalmente, estão 
sujeitos a modificações bioquímicas e microbiológicas importantes na saliva e no 
biofilme (Chang et al.,1999; Kanaya et al., 2005; Maret et al., 2014). Além disso, a 
análise da literatura evidencia que, com exceção da pesquisa realizada por Frasseto 
et al. (2012), todas determinaram apenas a concentração da AC VI na saliva ou 
biofilme. No entanto, uma alta concentração de AC VI na saliva ou biofilme não 
necessariamente significa que toda isoenzina presente nestes meios esteja ativa e, 
assim, possa exercer o seu efeito. Dessa forma, a determinação da atividade desta 
isoenzima pode fornecer evidências adicionais dos efeitos da AC VI na dinâmica do 
processo de cárie dentária nos indivíduos que fazem uso de aparelho ortodôntico fixo.  
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Dentre as várias enzimas salivares, a amilase é a mais abundante presente 
na saliva humana (Rohleder et al., 2006; Singh et al., 2015) e possui como principal 
função, a digestão de carboidratos (Scannapieco et al., 1993).  Além disso, a amilase 
facilita a adesão das bactérias à superfície dentária, contribuindo com a formação do 
biofilme e aparecimento da cárie dentária (Scannapieco et al., 1993; Singh et al., 
2015). Por outro lado, esta adesão da α-amilase às bactérias pode proporcionar um 
efeito protetor, quando as mesmas podem ser eliminadas através do clearance da 
cavidade bucal (Scannapieco et al., 1993; Bosch et al., 2003). É bem relatado que a 
amilase também é secretada devido aos estresses mecânico e psicológico que 
ocorrem em indivíduos que estão em tratamento ortodôntico (Kuroki et al., 2014), mas 
são poucos os estudos que avaliam a relação entre a amilase salivar e a cárie nesses 
indivíduos (Teixeira et al., 2012). 
Na dinâmica do processo de cárie, o fluxo e a capacidade tampão da saliva 
apresentam-se como fatores protetores importantes para a saúde bucal. Com relação 
aos efeitos do tratamento ortodôntico sobre estas características da saliva, pesquisas 
recentes evidenciaram que os braquetes e bandas induzem mudanças específicas no 
ambiente bucal como aumento da concentração de lactobacilos, estreptococos do 
grupo mutans na saliva e diminuição do pH (Peros et al., 2011; Teixeira et al., 2012; 
Maret et al., 2014). Como conseqüência destas modificações no meio ambiente bucal 
e da maior cariogenicidade das bactérias do biofilme, a progressão das lesões de cárie 
é mais rápida nos indivíduos que fazem uso de aparelho ortodôntico fixo (Karadas et 
al., 2011; Heymann e Grauer, 2013). No entanto, não há ainda um consenso na 
literatura sobre a maneira pela qual o tratamento ortodôntico altera a composição da 
saliva e aumenta a incidência de cárie (Peros et al., 2011), pois enquanto alguns 
autores observaram aumento do fluxo salivar e da capacidade tampão após o 
tratamento ortodôntico (Chang et al., 1999; Moritsuka et al., 2006; Peros et al., 2011), 
outros relataram diminuição da capacidade tampão da saliva (Teixeira et al., 2012). 
Dessa forma, entender a atividade da isoenzima anidrase carbônica VI, da 
enzima amilase e de outros fatores relacionados com o equilíbrio do meio bucal como 
a capacidade tampão, o fluxo salivar e o pH da saliva torna-se de extrema importância 
para a avaliação do risco de cárie a que estão sujeitos os indivíduos que fazem uso 
de aparelho ortodôntico fixo. Além disso, a identificação destas propriedades salivares 
como biomarcadores da cárie dentária permitirá que o indivíduo seja classificado 
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como susceptível à doença quando estes biomarcadores se encontrarem fora dos 
padrões de normalidade. Assim, esta pesquisa foi realizada com o objetivo de 
investigar as possíveis modificações que ocorrem na saliva de indivíduos que fazem 
uso de aparelho ortodôntico fixo no que se refere à atividade da isoenzima AC VI, da 
enzima amilase e de outros fatores relacionados com o equilíbrio entre os episódios 
de desmineralização e remineralização como o fluxo salivar, a capacidade tampão e 
o pH da saliva. 
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Abstract 
Introduction: This study evaluated the effect of orthodontic treatment on salivary 
properties considering caries development.  
Methods: Twenty two patients (11-22 years) were assessed regarding caries, oral 
hygiene, sugar exposure, salivary flow rate (SFR), buffering capacity, pH, carbonic 
anhydrase VI (CA VI) and amylase activity, at baseline, 1, 3 and 6 months after the 
orthodontic placement. Caries index was determined by Nyvad criteria. CA VI and 
amylase activities were performed by zymography and ELISA, respectively.  
Results: Buffering capacity decreased after 3 months (p<0.0001) and showed positive 
correlation with pH at baseline and after 1 month in patients who did not develop active 
caries lesions (ACL). Amylase activity decreased after 1 and 6 months (p=0.0003) and 
presented positive correlation with CA VI in patients who developed ACL. SFR 
increased after 1 month (p=0.0283) and showed positive correlation with CA VI activity 
after 3 months in patients who did not develop ACL. Salivary pH showed negative 
correlation with CA VI after 1 month in patients who did not develop ALC. After 6 
months, 59.09% of participants developed caries (p<0.0001). Conclusions: Saliva of 
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individuals under orthodontic treatment is subjected to important changes in the onset 
of ACL. The establishment of effective caries preventive measures, even before the 
orthodontic appliances placement is strongly suggested.  
Key Words: Carbonic Anhydrases. alpha-Amylases. Orthodontic Appliances. Saliva. 
Dental Caries. 
 
1. Introduction 
Individuals submitted to fixed orthodontic treatment have a high risk of 
developing caries lesions.1-3 The severity of these lesions can range from active white 
spot or demineralized lesions until loss of integrity of the enamel surface and 
cavitation.4 In this context, studies have shown that the prevalence of white spot lesions 
before orthodontic treatment ranges from 15.5 to 40%3,8 whereas during orthodontic 
treatment, these lesions appear in 30 to 70% of patients.3,9  
Dental caries is a biofilm-sugar-dependent disease.10,11 The biofilm formed in 
the presence of sucrose presents a rich matrix of extracellular polysaccharides12,13 
that, aside from being important for bacterial adhesion, contributes to the diffusion 
properties of the biofilm matrix, increasing the concentration of acid in the tooth-biofilm 
interface.12 This way, in the presence of fermentable carbohydrates this biofilm 
becomes highly cariogenic.11 Thus, diet control, as well as an effective mechanical 
control of biofilm should be encouraged to prevent demineralization of tooth enamel 
around orthodontic appliances.14,15   
Another important factor in dental caries dynamic process, the buffering 
capacity of saliva also plays an important role in maintaining the oral tissues 
homeostasis. Among its multiple functions, the clearance promoted by the salivary flow 
and the pH stability at acceptable levels stand out, mainly due to carbonate and 
phosphate buffers.16  
Among the protective systems of the saliva, the carbonic anhydrase isoenzyme 
VI (CA VI) is the only one in saliva secreted by the serous acinar cells of the parotid 
and submandibular glands. This isozyme catalyzes the reversible reaction of carbon 
dioxide in the reaction CO2 + H2O ↔ H+ + HCO3-.  By the catalysis of this reaction, it is 
believed that the CA VI increases the buffer capacity of the saliva because it penetrates 
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the biofilm and facilitates the salivary bicarbonate acid neutralization.17 In biofilm, CA 
VI should contribute to the neutralization of biofilm acids, especially when saliva is 
stimulated, because the buffering is mainly performed by bicarbonate, an effect that 
could assist in the prevention of dental caries.17 In this context, it is known that the 
orthodontic appliances create biofilm stagnation areas and complicate the oral 
hygiene.15 Thus, considering that information on how CA VI behaves in saliva of 
patients undergoing fixed orthodontic treatment, it would be important to investigate 
the behavior of this isoenzyme in these individuals, who not only are more susceptible 
to a higher biofilm accumulation, but mostly, are subjected to important biochemical 
and microbiological changes in saliva and biofilm.18-20   
Amongst the various other salivary enzymes, amylase is the most abundant one 
found in human saliva21,22 and its main function is the digestion of carbohydrates.23 
Furthermore, the amylase facilitates the adhesion of bacteria to the tooth surface, 
contributing to the formation of biofilm and in the presence of a cariogenic diet, dental 
caries.11,22,23 Nevertheless, this adhesion of the α-amylase to the bacteria may provide 
a protective effect when these bacteria may be eliminated by clearance in oral 
cavity.23,24 It has been reportated that amylase is also secreted due to mechanical and 
psychological stress that occurs during the orthodontic treatment25, however, only a 
few studies evaluated the relationship between amylase and caries in individuals 
undergoing orthodontic treatment.  
Therefore, understanding the activity of amylase and CA VI isoenzyme, as well 
as other factors related to the balance of oral environment becomes extremely 
important for the evaluation the caries risk of individuals submitted to orthodontic 
treatment with fixed appliances.  
Thus, the aim of this study was to evaluate the possible changes occurring in 
the saliva of individuals undergoing fixed orthodontic treatment regarding to activity of 
isoenzyme CA VI and α-amylase, pH, buffering capacity and salivary flow rate.  
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2. Material and Methods 
2.1 Ethical Considerations 
This study was approved by the Ethics Committee in Research of Piracicaba 
Dental School/University of Campinas (UNICAMP) and was ethically conducted in 
accordance with the Declaration of Helsinki (World Medical Association) under the 
protocol nº. 117/2014 (Anexo 2). The participant’s guardians younger than 18 years 
old and all other individuals signed a written informed consent.  
2.2 Study Design 
The assessment of dental caries, oral hygiene, daily sugar exposure, salivary 
flow rate, buffer capacity, pH as well as carbonic anhydrase VI and amylase activities 
were performed in all study participants at four time intervals: at baseline, which was 
prior to the placement of the fixed orthodontic appliances and 1, 3 and 6 months after 
the baseline period, according to the study design diagram (Figure 1).  
 
Fig 1. Study design 
 
2.3 Sample size 
The sample size was estimated based on the means and standard deviations 
of the carbonic anhydrase VI in a previous study on saliva of caries and caries-free 
pre-school children.26 Among the variables studied, the CA VI shows the greatest 
variability. Considering the group with the highest standard deviation (group with 
carious lesions), maximum error was estimated as 3% and 95% significance level 
(α=5%). The estimated number of individuals was 22. For sample calculation we used 
the BioEstat 5.3 software (Mamiraua Institute, Belém, PA, Brazil). 
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2.4 Subjects 
The study group comprised 22 participants of both genders, 12 girls and 10 boys 
aged between 11 to 22 years (mean age 14.8 ± 2.9 years). The participants were 
recruited from the waiting list for orthodontic treatment of the Department of Pediatric 
Dentistry, Piracicaba Dental School, University of Campinas, in Piracicaba town, São 
Paulo State, Brazil. The inclusion criteria were presence of all permanent teeth and 
without caries activity, Angle Class I malocclusion and absence of severe crowding, 
severe fluorosis, systemic diseases and dental hypoplasia. The non-inclusion criteria 
were history of antibiotics and antimicrobials in the previous 3 months, fluoride and 
drugs therapy for prolonged time, as well as smoking, poor oral hygiene, untreated 
periodontal disease, pregnancy and communication or neuromotor difficulties. The 
individuals were instructed to use as a preventive measure only fluoridated toothpaste. 
For all of these reasons, out of the 114 individuals enrolled, 23 were included in the 
final sample and 22 were analyzed until the end of the study, according to the 
CONSORT flow diagram (Figure 2). 
 
Fig 2. CONSORT flow diagram 
 
2.5 Fixed orthodontic system 
The treatment consisted of the placement of Portia self-ligating fixed orthodontic 
appliance system (Abzil, 3M, São José do Rio Preto, SP, Brazil), with Roth prescription 
and straight-wire .022”x0.028” slot.  All the individuals were fitted with tubes on molars 
and maxillary and mandibular full-mouth brackets to the vestibular surfaces of the 
permanent teeth using the resin Transbond XT (3M Unitek Monrovia, USA). All 
participants received oral hygiene instructions and professional cleaning at each 
21 
 
orthodontic clinical appointment. The placement of the fixed orthodontic appliances 
and the full treatment were performed by the same orthodontist (AAC).  
2.6 Dietary sugar exposure evaluation 
The participants were asked to complete diet chart for three consecutive days 
during the workweek in each phase of the study. In this chart, they were asked to 
specify the time of the day as well as the contents of all primary and secondary meals. 
This chart included the time of the day that the children ate and drank anything and 
also the content of all primary and secondary meals (Apêndice 1). Using this chart, the 
daily frequency of total sugar exposure was calculated. 
2.7 Evaluation of visible biofilm  
The presence of biofilm on the vestibular surfaces of the upper anterior teeth was 
carried out by visual examination without the use of coloring agents.27  
2.8 Calibration of the Examiner and Caries Assessment 
For calibration, theoretical discussions were conducted using clinical images in 
order to supply diagnostic criteria instructions for the examiner. Following, practicing 
evaluations were carried out and after a week of the first examination 20% of the 
participants were re-examined. The intra-examiner agreement measured by Kappa 
calculation was 0.89. The diagnosis of dental caries was carried out by visual 
inspection method, using a mirror, according to the Nyvad caries detection criteria,28 
which allows assessment of the extent and depth of carious lesions from the pre-
cavitated lesions to deep cavities in dentin and also enables the evaluation of the 
activity of these lesions. Prior to the examination, professional cleaning was performed 
for the mechanical biofilm removal. Active and inactive carious lesions were 
distinguished on the basis of a combination of visual and tactile criteria. The 
assessment was carried out at three levels of increasing severity, depending on the 
depth of penetration of the lesions (intact surface, surface discontinuity in enamel or 
manifest cavity in dentin) (Apêndice 2, Anexos 3 e 4). Ball ended dental probe explorer 
could be used to remove debris and to enhance visualization and to confirm 
questionable findings, checking loss of structure (cavitation) and surface texture (hard 
or rough/soft). Mixed lesions containing elements of both active and inactive caries 
were diagnosed as active.28  
22 
 
2.9 Saliva Collection 
Saliva was collected in the morning, before clinical appointment, between 9:00 and 
10:30 am to avoid variations in the circadian rhythm, at least 1 hour after food intake. 
The participants were instructed to chew a piece of Parafilm® (Sigma Chemical 
Company, Missouri, USA) and to deposit whole saliva in a Falcon® tube (BD 
Biosciences, California, USA) for 5 minutes. Saliva samples were kept under 
refrigeration (2 to 8°C) in a cooler containing ice. Following, the samples were 
centrifuged at 12.000 rpm for 10 minutes and stored at -80°C until biochemical 
analyses. 
2.10 Salivary Flow Rate (SFR), pH and Buffering Capacity determination  
The SFR was measured (volume/collection time) and expressed as mL/min. 
One milliliter of saliva was placed in microcentrifuge tubes to determine its initial pH by 
means of a microelectrode Accumet® (Cole-Parmer International, Vernon Hills, IL, 
USA) coupled to a previously pre-calibrated Orion® pH meter (Thermo Scientific, 
Waltham, MA, USA). Buffer capacity was determined in 1.0 mL of saliva, and 
increments of 10 µL of 0.25 M HCl were added. At each increment, the tube was 
agitated and the pH determined, resulting in a pH slope. The area under the curve was 
then calculated (pH x mmol HCl).  
 
2.11 Determination of activity of CA VI in saliva 
The determination of CA VI activity was performed by the zymography 
method.29 After being thawed, 10 μL of saliva was added to 10 μL of Tris buffer for 
zymography. The solution material was stirred before being placed on acrylamide gel 
at 30% and bisacrylamide at 0.8%. After that, 20 μL of this sample was placed in each 
channel of the gel, wich remained for 1:50h at 140 V and at 4°C. After electrophoresis, 
the gel was stained with bromothymol blue 0.1% for 10 min. CA VI activity was 
observed after immersing the gel in distilled deionized water saturated with CO2. The 
gels were photographed, and the images were quantified using the Image J software30 
which calculated the luminescence in the area of the band and expressed CA VI activity 
in numerical values (pixels area). 
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2.12 Determination of the amylase activity  
The Enzyme-Linked Immuno Sorbent Assay (ELISA) was used in duplicate to 
quantify the salivary protein activity with the aid of Salimetrics kits (Salimetrics, State 
College, PA, USA). Following, the absorbance of each one of the 96-well-plate was 
evaluated by an Espectrometer (Bio Tek Instruments, Wiooski, VT, USA). Amylase 
activity values were expressed as unity of activity per milliliter (U/mL). These values 
were automatically calculated by spectrometer software based on the kit standard 
curve. 
2.13 Statistical analysis 
The statistical analysis was performed considering the dental caries as the 
dependent variable. The independent variables were: salivary flow rate, pH, buffering 
capacity, CA VI and amylase activities, sugar exposure and presence of visible biofilm. 
All variables were submitted to Shapiro-Wilk test to evaluate data normality. The 
presence of clinically visible biofilm was analyzed by the Cochran’s Q test. The 
remaining variables were analyzed by Friedman test followed by Wilcoxon, because 
they did not follow normal distribution. Thus, median and interquartile ranges were 
used for descriptive purposes at a level of significance of 5%. Furthermore, the 
variables were submitted to Spearman correlation analysis. Statistical analyses were 
performed using the statistical BioEstat 5.3 software (Mamiraua Institute, Belém, Pará, 
Brazil). 
 
3. Results 
The buffering capacity significantly decreased after 3 months of treatment 
(p<0.0001) (Figure 3A) and had significant positive correlation with pH at baseline 
(r=0.70, p=0.04) and after 1month of treatment (r=0.82, p=0.01) in participants who did 
not develop active carious lesions (ACL) during the treatment (Table I).  The salivary 
flow rate increased after 1 month (p=0.0283) (Figure 3B) and showed a significant 
positive correlation with CA VI activity after 3 months of treatment (r=0.71, p=0.05) in 
participants who did not develop ACL (Table I). In respect to pH, no difference was 
found in the follow-up intervals (p>0.05) (Figure 3C), however, it showed a significant 
negative correlation with the CA VI after 1 month (r=-0.71, p=0.05) in participants who 
did not develop active carious lesions (Table I). One and 6 months after the beginning 
of orthodontic treatment, the amylase activity also decreased significantly (p=0.0003) 
(Figure 4) and showed a significant positive correlation with CA VI activity (r=0.73, 
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p=0.005) after 6 months in individuals who developed active carious lesions (Table II). 
We noted no statistically significant difference with respect to salivary CA VI activity, 
frequency of sugar exposure and percentage of visible biofilm during the follow-up 
periods (p>0.05) (Figures 5 and 6). Regarding the development of caries, 59.09% of 
the participants developed active carious lesions after 6 months of treatment 
(p<0.0001) (Figure 7).  
 
 
 
 
Fig 3. Median and interquartile ranges of buffering capacity (A), flow rate (B) and pH 
(C) among the intervals; * p ≤ 0.05 
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Table I. Spearman correlation coefficients (r) and probabilities of statistical significance 
(p) between variables analyzed in individuals who did not develop caries among the 
intervals 
 Baseline (n=9)                          1 Month (n=9)                                                 3 Months (n=9)                                                6 Months (n=9)                                                 
    r   p    R   p    r   p    r   p 
Variables         
Buffering capacity X α-amylase         -0.37      0.33 -0.31       0.46 0.10       0.82 -0.10       0.82 
Buffering capacity X CA VI                   -0.43      0.24 -0.29       0.49 -0.12       0.78 -0.12       0.78 
Buffering capacity X flow rate            -0.59      0.09 0.39       0.30 0.04       0.93 0.53       0.14 
Buffering capacity X pH*                     0.70      0.04* 0.82 0.01*                   0.40       0.32 0.58      0.10 
Buffering capacity X sugar                  0.13      0.73 0.46       0.26 0.17       0.69 0.63      0.10 
CA VI X α-amylase                              0.38       0.31 0.62       0.11 0.50       0.21 0.62     0.10 
Flow rate X α-amylase                         0.44       0.24 -0.50       0.20 0.13      0.76 0.45      0.26 
Flow rate X CA VI*                                0.19       0.63 -0.01       0.98 0.71 0.05*                  0.26     0.53 
Flow rate X pH                                     -0.56      0.12 0.20        0.60 0.18       0.67 -0.05     0.90 
Flow rate X sugar                                -0.35      0.26 0.13        0.68 0.11      0.64 0.01     0.96 
pH X α-amylase                                   -0.15      0.70 -0.43       0.29 -0.24      0.57 0.0          ns 
pH X CA VI*                                            -0.23    0.55 -0.71       0.05* 0.10       0.82 0.07      0.87 
pH X sugar                                             0.27      0.49 0.17        0.69 0.69      0.06 0.28      0.51 
Sugar X α-amylase                               -0.10      0.80 0.62       0.10 -0.07     0.87 0.20      0.63 
Sugar X CA VI                                      0.42      0.26 0.08        0.84 0.05      0.91 -0.02     0.95 
Spearman correlation was used; * p ≤ 0.05 
 
Fig 4. Median and interquartile ranges of activity of α-amylase among the intervals;* p ≤ 0.05 
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Table II. Spearman correlation coefficients (r) and probabilities of statistical 
significance (p) between variables analyzed in individuals who developed caries 
among the intervals 
 Baseline (n=13) 1 Month (n=13) 3 Months (n=13) 6 Months (n=13) 
 r p r p R P r p 
Variables         
Buffering capacity X α-amylase         -0.29   0.33                   -0.08     0.80 0.13     0.70 -0.15       0.62 
Buffering capacity X CA VI                   0.18      0.57 0.16     0.59 -0.07     0.83 0.19        0.53 
Buffering capacity X flow rate            0.30     0.32 0.29 0.34 0.02      0.95 0.15       0.61 
Buffering capacity X pH                     0.52     0.07 0.57     0.07                   0.20     0.54 0.35      0.24 
Buffering capacity X sugar                  -0.20     0.52 -0.22    0.47 0.20     0.54 - 0.46     0.12 
CA VI X α-amylase*                              0.36     0.22 0.05     0.87 0.21      0.51 0.73     0.005* 
Flow rate X α-amylase                         0.48     0.10 0.19     0.54 0.06      0.86 0.16       0.60 
Flow rate X CA VI                                 0.40       0.18 0.26     0.39 0.15      0.63 0.38      0.20 
Flow rate X pH                                     -0.02      0.94 0.32     0.28 0.34      0.29 0.25      0.40 
Flow rate X sugar                                -0.35       0.26 0.13     0.68 0.11      0.74 0.01       0.96 
pH X α-amylase                                   -0.45      0.13 -0.29     0.34 -0.18      0.56 0.08       0.79 
pH X CA VI                                             0.13      0.67 0.36     0.23 0.24      0.46 0.10         0.75 
pH X sugar                                             0.27     0.37 -0.27      0.37 0.45       0.14 -0.44       0.13 
Sugar X α-amylase                               0.36 0.22 0.05 0.87 0.02 0.95 - 0.13       0.67 
Sugar X CA VI                                      -0.43      0.14 -0.17     0.57 0.13 0.68 -0.47       0.11 
Spearman correlation was used; * p ≤ 0.05 
 
Fig 5. Median and interquartile ranges of activity of CA VI among the intervals 
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Fig 6.  Frequency of visible biofilm (%) among the intervals. Distinct letters are 
statistically different (p ≤ 0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 7. Caries experience among the intervals according to Nyvad’s diagnostic criteria. 
* Medians followed by distinct letters are statistically different (p ≤ 0.05)  
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and influence caries incidence,33 because while some authors have observed an 
increase in salivary flow rate and buffering capacity after orthodontic treatment,18,31,33 
others have reported a decrease of the buffering capacity.16  
Since saliva provides a general protective effect, clinically significant changes 
in salivary properties may modulate the development and the prevention of dental 
caries,33 although it is a multifactorial disease that includes genetic and environmental 
influences.34   
Among the multifactorial aspects of the dental caries, we studied salivary flow 
rate, buffering capacity and pH, amylase and carbonic anhydrase VI enzyme’s 
activities, biofilm accumulation and daily sugar exposure. Our study present new data 
on the time of active early caries lesions onset in individuals under orthodontic 
treatment. Active non-cavitated carious lesions were firstly diagnosed after 3 months 
of orthodontic appliance’s placement. Moreover, we have also shown that after the 6-
month period, the caries prevalence of participants was 59.09% and the mean of active 
non-cavitated carious lesions was 2.5 times higher as compared with the baseline 
values (Figure 7). It is important to highlight that an index that considers the first clinical 
evidence for dental caries activity, as white spot lesions, could allow the early diagnosis 
of dental caries, providing valuable information for preventive outcomes for individuals 
under orthodontic treatment. In light of this, in the present investigation, the Nyvad’s 
diagnostic criteria allowed us to make the early diagnosis of the active non-cavitated 
carious lesions as well as to identify the individuals who developed these early carious 
lesions. This is a very important finding if we consider that these individuals should be 
scheduled for intensive caries preventive therapies.  
With respect to salivary flow rate, a significant increase was found only 1 month 
after the placement of orthodontic appliances. Our result is in line with early studies 
performed by Chang et al18 and Peros et al33, which found a significant increase in 
salivary flow rate after 3 months compared with the baseline. These authors argued 
that after placement of orthodontic appliances, there was a temporary increase in this 
salivary parameter due to the mechanical stimulation provided by orthodontic 
appliances.18,35 Moreover, no change in this salivary parameter was detected in the 
following phases of the study. It is possible that after the patient’s adaptation to 
orthodontic appliances, the salivary flow rate returns to its initial rate.  
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The salivary buffering capacity, defined as the salivary resistance to pH 
changes, is assigned to carbonate-bicarbonate systems, phosphates and proteins.36 
In our study, the buffering capacity significantly decreased after 3 months of treatment 
(p<0.0001) and remained almost unchanged after 6 months, when compared to the 
baseline assessment. This result is in line with Teixeira et al.14 On the other side, 
Chang et al18 and Peros et al33 have found an increase in the buffering capacity. 
However, it should be noted that these authors investigated the salivary buffering 
capacity 3 and 6 months after the orthodontic treatment conclusion. Thus, it is possible 
that, after this period, the buffering capacity would have returned to its baseline values. 
Concerning the decrease in salivary buffering capacity after 3 months of treatment, it 
is interesting to note that this decrease is coincident with the time of active early caries 
lesions onset in these individuals. Our results also showed a positive correlation 
between buffering capacity and salivary pH at baseline (r=0.70, p=0.04) and 1 month 
after the placement of orthodontic appliance (r=0.82, p=0.01) in individuals who did not 
develop active carious lesions during the treatment. This data strengthen the concept 
that the buffering capacity of saliva plays an important role in maintaining the oral 
tissues homeostasis, acting to prevent the process of dental caries formation.  
Regarding the salivary pH, no significant difference was noted during the 
investigated periods (p>0.05). Different from our results, Chang et al18 and Peros et 
al33 have observed an increase in the salivary pH after 3 and 6 months of orthodontic 
treatment, respectively. Despite the role of saliva in the intra-oral pH regulation, we 
found a significant increase in salivary flow rate only after 1 month of orthodontic 
treatment (p=0.0283), and, as expected, we have detected no difference in salivary pH 
during the experimental period.  
Our results showed that amylase activity significantly decreased after 6 months 
when compared to the baseline (p=0.003). In fact, a 57.6% decrease in the α-amylase 
activity was noted after 6 months of placement of orthodontic appliances. It is 
interesting to observe that a higher number of early caries lesions was detected after 
6 months of orthodontic appliances placement. One possible explanation for this result 
could be that the placement of orthodontic appliances caused a significant increase in 
oral microorganins.14,20,33 Furthermore, as α-amylase is also found in enamel pellicle 
and in dental biofilm, it may have enabled the adhesion of streptococci to the tooth 
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surface. In this regard, early evidence has shown that binding of α-amylase to bacteria 
and teeth have important implications for dental biofilm along with caries.23 
In our study, there is a possibility that this high binding of α-amylase to bacteria 
may have caused a decrease in amylase activity in saliva of individuals under 
orthodontic treatment, mainly those who developed early carious lesions. Our results 
are also contrary to the findings of Singh et al22 who have demonstrated that the 
amylase concentration was higher in saliva of caries active children than in saliva of 4 
to 8 years old caries-free children. In the same way, Balekjian et al37 have shown that 
parotid saliva samples of individuals with rampant caries had a significantly higher level 
of α-amylase than caries-resistant group. In addition, Teixeira et al14 also studied the 
activity of amylase in individuals undergoing orthodontic treatment, and found no 
significant difference when experimental and control groups were compared. 
The lack of agreement between the various epidemiologic investigations is, 
therefore, not surprising since the measurement of amylolytic activity involves more 
than one variable. Moreover, it should be pointed out that while the methods of analysis 
used by the previous authors were able to determine just the concentration of salivary 
amylase, in the present study we used the ELISA to quantitatively determine the 
activity of salivary amylase. This is particularly important since a high concentration of 
the isoenzyme α-amylase in saliva may not necessarily mean that all enzymes present 
in the oral cavity are active.  
Concerning the activity of carbonic anhydrase VI in saliva of the individuals 
during orthodontic treatment, our results showed that there was no change in the 
activity of this isoenzyme during orthodontic treatment (p>0.05). This result can 
partially be explained if we consider that we did not notice any change in the daily 
sugar exposure by the individuals as well as in the salivary pH. In this regard, it is 
known that, as a result of a sugar exposure by the individual, salivary pH drops and 
this event activates the salivary CA VI to catalyze the reaction of CO2 + H2O ↔ H+ + 
HCO3- which, in turn, increases acid neutralization in saliva. This carbonate increase is 
of high importance to favor its diffusion into biofilm which, in turn, increases biofilm pH 
and enhances remineralization of active early carious lesions. An attractive alternative 
could be that CA VI may accumulate in the enamel pellicle and biofilm to work as a 
local pH regulator on enamel surface.17  
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A new and interesting result of the present investigation was that, only in 
individuals who developed active caries lesions, we detected a significant positive 
correlation between CA VI and α-amylase activities (r=0.73, p=0.005) 6 months after 
the placement of orthodontic appliances. This result could partially be explained if we 
consider that α–amylase found in acquired enamel pellicle and dental biofilm has the 
ability to bind to streptococci and tooth surface, and this binding of α-amylase to 
bacteria and teeth may have important implications for dental biofilm acid production 
and caries formation. In this regard, Scannapieco et al23 argued that “α-amylase bound 
to bacteria in plaque may facilitate dietary starch hydrolysis to provide additional 
glucose for metabolism by plaque microorganisms and lactic acid produced in close 
proximity to the tooth surface”. This acid increase would activate CA VI in saliva 
increasing bicarbonate level in saliva to neutralize the media in the oral cavity.17 
Regarding the individuals who did not develop active caries lesions, a positive 
correlation between CA VI activity and flow rate (r=0.71, p=0.05) was demonstrated 3 
months after the placement of orthodontic appliances. Furthermore, a negative 
correlation between salivary pH and CA VI activity (r=-0.71, p=0.05) was detected 1 
month after the placement of orthodontic appliances. One possible explanation for this 
result would be that although these individuals did not develop ACL, they were also 
exposed to cariogenic carbohydrates and consequently to pH fall in the oral 
environment. As previously discussed in this work, this pH drop would activate the 
salivary CA VI to increase bicarbonate content in saliva. Moreover, we were not able 
to find any correlation between CA VI activity and dental caries. However, dental caries 
is a multifactorial sucrose-biofilm dependent disease that is mediated by a combination 
of several overlapping factors like oral microorganisms, acids and salivary flow that 
modifies the primary effect of sugars which must be considered in the role of human 
salivary proteins in maintaining oral health.11 
5. Conclusions 
In conclusion, the present study demonstrated that saliva of individuals under 
orthodontic treatment is subjected to important changes that have implication in the 
onset of active early caries lesion. Considering the high caries prevalence found in the 
individuals and the detection of active non-cavitated carious lesions as early as 3 
months after the placement of orthodontic appliances, the establishment of effective 
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caries preventive measures, even before the orthodontic appliances placement is 
strongly suggested.  
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3 CONCLUSÃO 
 
O presente estudo demonstrou que a saliva dos indivíduos em tratamento 
ortodôntico está sujeita a mudanças importantes que têm implicações no processo de 
formação da lesão de cárie ativa. Considerando a elevada prevalência de cárie 
encontrada nesses indivíduos e a detecção de lesões de cárie ativa não-cavitadas nos 
primeiros 3 meses após a adaptação dos dispositivos ortodônticos, o estabelecimento 
de medidas preventivas eficazes, mesmo antes da colocação do aparelho ortodôntico, 
é fortemente sugerido. 
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APÊNDICES 
Apêndice 1 – Diário de Dieta 
 Faculdade de Odontologia de Piracicaba - Universidade Estadual de Campinas – FOP/UNICAMP  
Departamento de Odontologia Infantil 
 
DIÁRIO DE DIETA 
Nº Voluntário:______   Coleta:______ 
Anotar todos os alimentos que você comer/beber durante três dias consecutivos (por exemplo: 
segunda, terça e quarta) inclusive balas e chicletes. Marcar também a quantidade (por exemplo: 2 
balas, 1 copo de leite com 2 colheres de “Nescau”, 1 copo de suco de laranja sem açúcar, 2 bolachas 
recheadas e 1 pedaço de bolo). OBS: Não preencher esse diário de dieta nos finais de semana. 
 
1º DIA 
Café da manhã  
Lanche  
Almoço  
Lanche  
Jantar  
Lanche  
 
2 º DIA 
Café da manhã  
Lanche  
Almoço  
Lanche  
Jantar  
Lanche  
 
3º DIA 
Café da manhã  
Lanche  
Almoço  
Lanche  
Jantar  
Lanche  
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Apêndice 2 - Nyvad Diagnostic Criteria 
          Piracicaba Dental School, State University of Campinas           
Department of Pediatric Dentistry 
 
NYVAD DIAGNOSTIC CRITERIA 
Voluntary number:______         Collection:_______ 
 
0- Sound 
1- Active caries (intact surface) 
2- Active caries (surface discontinuity) 
3- Active caries (cavity) 
4- Inactive caries (intact surface) 
5- Inactive caries (surface discontinuity) 
6- Inactive caries (cavity) 
7- Filling (sound surface) 
8- Filling + active caries  
9- Filling + inactive caries 
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Anexo 1 – Submissão do artigo 
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Journal blog: http://ajodoblog.blogspot.com/ 
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Anexo 2 – Certificado do Comitê deÉtica em Pesquisa  
 
  
46 
 
Anexo 3 - Nyvad’s diagnostic criteria       
Score Category Criteria 
 
   
0 Sound Normal enamel translucency and texture (slight staining allowed in otherwise sound 
fissure). 
1 Active caries    
(intact surface)                    
Surface of enamel is whitish/yellowish opaque with loss of luster;  
feels rough when the tip of the probe is moved gently across the surface; 
generally covered with plaque. No clinically detectable loss of substance.  
Smooth surface: Caries lesion typically located close to gingival margin.   
Fissure/pit: Intact fissure morphology; lesion extending along the walls of the fissure. 
2 Active caries     
(surface discontinuity)                  
Same criteria as score 1. Localized surface defect (microcavity) in enamel only. 
No undermined enamel or softened floor detectable with the explorer.                                                                                                             
3 Active caries   
(intact surface)                                 
Enamel/dentin cavity easily visible with the naked eye; surface of cavity feels soft 
or leathery on gentle probing. There may or may not be pulpal involvement. 
4 Inactive caries    
(intact surface)                             
Surface of enamel is whitish, brownish or black. Enamel may be shiny and feels 
hard and smooth when the tip of the probe is moved gently across the surface.     
No clinically detectable loss of substance.  
 Smooth surface: Caries lesion typically located at some distance from gingival 
margin.  
Fissure/pit: Intact fissure morphology; lesion extending along the walls of the 
fissure. 
5 Inactive caries    
(surface discontinuity)                
Same criteria as score 4. Localized surface defect (microcavity) in enamel only. 
No undermined enamel or softened floor detectable with the explorer. 
6 Inactive caries     
(cavity)                                          
Enamel/dentin cavity easily visible with the naked eye; surface of cavity may be 
shiny and feels hard on probing with gentle pressure. No pulpal involvement. 
7 Filling (sound surface)   
8 Filling + active caries       Caries lesion may be cavitated or non-cavitated. 
9 Filling + inactive caries    Caries lesion may be cavitated or non-cavitated. 
Fonte: Nyvad et al., 1999 
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Anexo 4 = Clinical features of Nyvad’s diagnostic criteria  
 
Fonte: Nyvad et al., 1999 
 
 
